Coronal heating is a big question for modern astronomy. Daily measurement of 985 solar spectral irradiances (SSIs) at the spectral intervals 1-39 nm and 116-2416 nm during March 1 2003 to October 28 2017 is utilized to investigate characteristics of solar rotation in the solar atmosphere by means of the Lomb -Scargle periodogram method to calculate their power spectra. The rotation period of coronal plasma is obtained to be 26.3 days, and that of the solar atmosphere at the bottom of the photosphere modulated by magnetic structures is 27.5 days. Here we report for the first time that unexpectedly the coronal atmosphere is found to rotate faster than the underlying photosphere. When time series of SSIs are divided into different cycles, and the ascending and descending periods of a solar cycle, rotation rate in the corona is also found to be larger than that in the photosphere, and this actually gives hidden evidence: it is small-scale magnetic activity that heats the corona.
Introduction
When energy flows from the interior of the Sun outward into the solar atmosphere, why is the Sun's outer atmosphere, the corona much hotter than the inner atmosphere, the underlying chromosphere and photosphere? This is the long-standing problem of the coronal heating, which is atmosphere come from the solid sun, namely the solar body, and the rotation of the former is driven by the rotation of the latter, therefore the rotation of the former should not be faster than the rotation of the latter, and the rotation of the solar upper atmosphere should not be faster the rotation of the solar bottom atmosphere. In this study, 985 solar spectral irradiances are used to investigate rotation characteristics of the entire solar atmosphere, from the low photosphere to the high corona, and the coronal is found to rotate abnormally quicker than the underlying photosphere atmosphere. Here first of all, the periodical function, Y = sin(X) as an example is utilized to test the reliability of the Lomb -Scargle method. The function is shown in Figure 3 , where X is evenly taken to go from 0 to 70, with a constant spacing, 0.02, and thus the total number of data points is 3501. Each time, 20% of the data points are randomly removed, and the rest 80% are utilized to calculate periodicity of the function by means of the Lomb -Scargle method. Such a process is repeated 2000 times, and 2000 period values are obtained, which are shown in Figure   3 . The maximum of these period values is 6.2823, the minimum is 6.2753, and the average is 6.2803 ± 0.0019. The real period of the function is known to be 2π, so the periodogram method is feasible. 
Rotation period for the entire considered time interval
As samples, the power spectra of the 6 selected bands of SSI are shown in Figure 4 , and also given are their corresponding statistical test lines at the 0.1% significance level. The power spectra of all 985 SSIs are made into an animation, which is given here as an attachment. This study aims to investigate rotation characteristics of SSIs, so the figure only shows the power spectra at a period range around the rotation-period scale of about 27 days, from 22 to 33 days.
As the figure shows, sometimes just one peak around the rotation period scale is statistically significant at the 0.1% level, and such a case is found to occur for the SSIs at the bands of 1-40 nm and 980-1600 nm, but sometimes peaks of statistical significance are clustered around the rotation period scale. Here for a special SSI, the period corresponding to the maximum power in the period-scale range of 22 to 33 days is regarded as the rotation period of the SSI. A SSI may give a rotation-period value, and Figure 5 shows the determined synodical period of solar rotation for each SSI while its statistical significance is not considered, and in the followings, such similar figures will be given to just comprehensively show potential periods. Further, Figure 6 shows those determined periods of solar rotation which are statistically significant at the 0.1% level, and in the followings, further investigations will be carried on according to such similar figures. As these two figures display, synodical rotation periods can be divided into four parts, according to distribution characteristics of rotation period varying with SSI.
For Part 1 (marked as P1 in Figures 5 and 6 ), wavelength (L) of SSI is shorter than 264 nm, and rotation period is basically a constant. The averaged (synodic) rotation period over the whole part is 26.332 ± 0.120 (days) in Figure 5 , and 26.327 ± 0.129 (days) in Figure 6 .
The relation between synodic rotation period (T syn ) and sidereal rotation period (T sid ) is that In Figure 6 , the difference of the mean rotation period between Parts 1 and 3 with the 99% 
Rotation period for the descending time of cycle 23
The the followings to determine rotation periods. Similarly, Figure 8 shows the determined period of solar rotation for each SSI while its statistical significance is not considered, and Figure 9 displays those determined periods of solar rotation which are statistically significant at the 0.1%
level. These two figures indicate that the distribution of synodical rotation period varying with SSI can be divided into the same four parts as Figures 5 and 6 do, and for Parts 1 and 3 (P1 and P3), rotation period is basically a constant, much slightly varying with wavelength. For each of these two parts, the averaged rotation period (P ) over the whole part and the corresponding variance (σ) are given in Table 1 . Given in the table are the number (N) of significant rotation periods included in each part, namely the number of data points of each part in Figure 9 , and the probability of that one averaged rotation period is longer than the other. The table indicates that the mean rotation period is significantly longer in Part 3 than that in Part 1. Actually in Figures 8 and 9 , each of the individual rotation-period values in Part 3 is strikingly larger than that in Part 1, also indicating that rotation period should be in general significantly longer in Part 3 than that in Part 1.
Rotation period for cycle 24
Cycle 24 starts from December 2008, and here the same periodogram method is used to calculate individual power spectra of 985 SSIs in cycle 24 (from the year of 2008.958 to October.
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Rotation period for the descending time of cycle 24
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or no peak is statistically significant. It has been known that small-scale magnetic structures rotate faster than large sunspots, and the rotation rate in the photosphere measured by Doppler displacement, which is one of photosphere plasma, is slower than that measurement by magnetic structures (Howard 1984;
It is known that
Komm et al 1993; Xiang et al 2014; Xu & Gao 2016 ). This is the reason why the corona atmosphere is found here to rotate faster than the photosphere. Therefore surprisingly, the coronal atmosphere is not only abnormally hotter than the underlying photosphere, regarded as a big question, but also abnormally rotates faster, seeming also a big question. In the corona, (6 ∼ 15) × 10 7 m above the solar photosphere which is observed at radio frequencies of 275 ∼ 2800MHz, the inner corona is found to seemingly rotate slightly faster than the outer corona, and the sidereal rotation period is about 22. Small-scale magnetic activity not only makes the corona hotter, but also makes the corona rotate faster than the underlying photosphere. In other words, the corona atmosphere rotating faster than the photosphere gives evidence for small-scale magnetic activity to heat the corona.
Such a state of the corona is conducive to perturbing the large-scale magnetic field to produce explosions, becoming a new source of disturbance, and more attention should be paid to it in the future.
In the top photosphere and chromosphere, SSIs are rotationally modulated by magnetic activities of different scales, and magnetic structures of different scales rotate at different rates.
Therefore for these SSIs, peaks of statistical significance are usually clustered around period scale of 27 days, and this is inferred to be the major reason why rotation period is dispersively ∼ 2017.823) of cycle 24, and for each time part the corona is also found to rotate faster than the photosphere.
